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[SPSS] BW&[to*DNAS5U*l«WWcf«UT*#8; 

5 h =■< > K •) AGO A T P-A-g&fSS 

i O T . U .\ A Brit* I > C R it K. J; 0 iSfehr 
J: C^ttWriS n/c U .\ A Brtf 

fc\ itr^ boh v//& * ««n- z> . 



[ m#m 2 ] tu Ett%#«3u»«jr * a . 1 k 

1 ©KW <t EW«©E3«## 2 ©E?»J £ Ol^Mt 

3 ©saw & Ka«oK^j»#4 ©sb^j i ©a^fo-sr 

»#J14 *CE«©;ffffi. 
[ «3jag 6 ] Ht&MtoW ^ ^ * S , if *^ l cciatS 

©#i£o 

■fr : Ea»©E#HHf 7 ©EWiIB*J«©Efl»# 1 1 
©E5!l ; EM»©EW»*7©EW<bEWSl©EM## 
1 0©E5U ; EJ!«©EW##9©E3aJ£E^J*©E3W 
l l ©BE?!] ; EM*©EM«#8©EM<tE#ISi© 

i o©e?u ; EH8©EHMre9©Esni&EHi 

*©E5»J#-*f 1 0©E5>J ; fc<tJ>', E#I*©KW«#6 
©EWiE9!l«<Z>EW*9 1 0©IB?J ;^e»&58<fc>) 
W?S*i*«*^b*T**, B#E6fcEtt©*ffi. 
[»*S8] UEtt^^^T**, 1 teE* 

[»*3f9] HE^-fv-W^ E5»J3i©E5U#-s§- 

1 3©ew£ew*©e?!I##i 4 ©em £©«*£*> 

M3&B8«:Ett©£&. 
El£©:fr?£ 0 

[«*3ii i] «rE^-f^-*bw, E^J3t©E?»j# 

#1 7©EM<fcEM*©E2«##l 8©B«<fc©II*& 
fritT^a. SH3&91 OfcE»©:fri£. 
[IllJftl 1 2 ] WEtt****^* ^ > ilW&l 1 KE 
IS©;*?*, 

[«3j3H 1 3 ] MIB^ ^ -f E?!I3*©E3«* 
#1 9©^&EW*©E*WH»2 0©»U±©iB*« 
totirr**. 2(ClBi8<D^o 

i 4 ] wemw**- 9hyt»5. it 1 

<cBlft©2r& 
[ttsjas l 5 ] itE^S 

-5f2 3©EW£EW»©EW»#2 4©E5Ui©«*-& 
A ^ . 1 4 KEtt©#ffi. 

1 6 ] »SB*P»*«, *W. WJjOIftiWi. ft/ID 

TfuSflfta, julsl fwa. », 
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6 1 5<Ol»m^(7)3SCCEK<D^fffi, 

c mm i 7 3 E5»ja©E^j»# i ©em t emx© 
EWt»2©EM±©*#*to*r*a, msuwBttm 

[ »3j8f 1 8 ] EM«©EM«-sf 3 ©IBM <L EMU© 
I^J##4©EM± ©«*£*>■£"?* 4, 

fiMer-EMttawi -r 

[»3#1 1 9 ] «T©ifl#£-:bt* : E5U3t©EM»# 

io 7 ©em& ew«©e5»j## 1 1 ©em ; ems©em 

##7©EM<tEM3l©EM#-*i- 1 OOEJH ; EM*© 
KM#-*t9 ©EM<tEM3t©EM*-*f 1 1 ©EM ; EM 
*l©i^J«#8©EM£EM*©EM»**l 0©EM : 
EM*©EM#^9©EM£EM3I©EM§-*I 1 0©E 
M ; fc£C/EM3l©EM#-^6 ©EM£EMSi©EM§ 
m 0©EM; &hteZ>m£ *) iSIRS ft&ffl^fr-tft? 

[ 2 0 ] E^*K>E*I*9 1 3 CDE?'J i iB^J^ 
CDBB?U#^ 1 4 ©EW i ©m^^^>#r^ ^ , ^ £r4$A 

20 t^&=¥-wsmtmm'?5 4-*-9i. 

[«*3I2 1 3 EJU«W>KW»^ l 7©^JiE«a 
©1B?U#^ 1 8 omn t <om^t>H:V^b z> . t S> 

c 2 2 ] ewseoew*-* i 9 omn t mm 

©EW»*2 0©EWi©a*^*>'&'C*4, +=P^S 

awer-EJiwtaiffi ^^^^^ 

[ «*]fi 2 3 3 K?'J^coiB?'J#-^ 2 3 (DEW £ KW* 
30 [«*S2 4] E^«ft*«:#atiS»«J**oja» 
^fi&f8^7 7^v^i^ ^©DNA?: 

& te<fccf«««snfcDNABr>i-**ai-r*xs** 

[0 00 1 3 

40 <tcx*nccffli»s^^-<v--j*EyiJccKi-ra 0 ifrMc 
8 a^K^ct ifcfc <r at6»^»ffjjie?-Ey»j«:i«B'r 

[0 002] 

[«££©&% 3 ^SIS«ISffi (BSE) ©**c* 



3 

[0 00 3] DMmmttC-o^XU.. g£fc. Ssffi^W* 
tlX&tc. ftSffjffilTB. Hxtf. EL ISA 

i, *s<fctKS#^ZlA^«:tiffifel4*eS;»^< . Si 
«JE&3ty£#K:ot,>T Sfcfi#flT#!&g-c&£ C £ % <h\ ^ 

C©J:5KM^ffi^>^Wt^r&SlJte^ 
[0 004] 

ITS, iSSOisl,^tB^^S*ti-Cl,^„ 
[0 00 5] 

T^VAlCll U 3 F 3 > F »J TMe^?:«I^S^'J 

h =i > h* r vj a k^st * a t p summy- - 

V 83te^ (a t p 8S£T0 ifi, » <-f*> 5 h 
H4Ci, *j<fci>'C©lti®3 hn> F 'J7 a t p 8MB 
[0 00 6] LfcA5ot, 3h3>F';ry 

/A©A T P^fiSBBR-*:/:!- > h 8 jt£^E5'J{t£* 

ratt^swMtfi^Em^-f^-atiu ism* 

©DNA£SS85<tl/-t. DNAK)t£PCR?£R:<fc»Jti 

[0 00 7] »S*HiBS«|-C». _bI2fi&^9 ISRtSLSlj^ 
t*£>«?. ±127-^ -<v-Sft«. E5M© 

12J|J§# 1 ©E5'J£EF'Jfl©E5'J#-«f 2 <E>E#]i«DlH* 

[0 00 8] Ka&£tfctttt-Ctt. KiaSM?!ttK$»rt& 

mm ° 3 ©E5>J£ E?*m©E5*J& 9 4 ©E5*J i ©4a* 
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1 

[0009] SfS^cjltssfiirtt. ±i2iirf$!i 

: e5»J*©EW##7 ©E5»J<LE5M©E5>J#^ 1 
1 ©KF'J ; iaW«©i3jy*97 ©BaWiiB5»J«©BE3WS 
# 1 0 ©E5*J ; E5US©E5»J## 9 ©E5*J £ E?*M©E 
5*J§-^i i©E5*J; E5^i©E?"J#-*f 8©E5'J£EFU3i 

©E5tJS# 1 0 ©E5U : E5*M©E5iJ#^ 9 ©E5*J<tE 

fmvfsso&i i ooeai ; fc-j;^, etu*©e5U#-* 

10 6 ©125'Ji 125«M©EF'J#-if 1 0 ©125U ; *» e>«c J: 

[ooio] jtfjSttSliiJ&trett. iiBS&fj^T-^-cS) 

9. «fc»J#»ctt. iET^-f^-Sttt. E5"M©K5*J 

i 3 <Dm*\tw&m<D$!frm^ 1 4©E5ij£©i&# 
£*>t»~c*>£. 

[ooi i ] KFa&safisa-ctt. ±nw«*t?yt 
<fcosiTitctt, im-i^j mmo& 

1 7 ©E5>J <t E5*Jil©E5U#-5f 1 8 ©I2?ij £©,« 

20 [0012] mmummmmx-it. ±szmmx j t= > f-c$> 

•3. iCWiSW:^. 18^7^7^*5. K?'J*©i25»J 
#^ 1 9 ©g2?iJii2^M©i2?iJ#^2 0©S2?iJi©ffl* 

[0013] »M&ili&#.*l-ett, ±ie«j!fei«- h y 

B25»J#^ 2 3 ©|2?'J i iB^J^©^?'^-^ 2 4 ©125*1 £ © 

[0014] m^mrmmmmxit. ±fatm«. ^ 

[0015] ^^©E^JS-^ 1 ©1H5"J 

<t!25>J*©125lJ§-^2©125iJt©ffl*^t>-t±-CS)-5. Pf 

[0016] *5ZWte£tc. iB5»M©i25»IS#3 ©125>J 
<tE5»J^©SH5U#^4©iH5t|t©ffl^toH±-C*5. £ 

5. 

40 [0017] *%mit& tc, tlT©ffl^to-t± : 125U5t 
©125iJ#-^7©125"J<bE5'Ja©125iJ#-^ 1 1 ©125>J : S 
5iJ«©lS5*J§^ 7 ©E5*J<i:E5tJ«©E?*Jll# 1 0 ©E 
m ; 125iM©E5*J## 9 ©E5'JiE5'J^©E5"JS^ 1 1 
©E?U : 125*Ja©E5'J#^8©E5*J<!:E5*Ja©125«J#-^ 
1 0 ©E5V : E5*J«©E5iJ#^9©E5*J<i:E5'M©E5*J 
#^ 1 0 ©E5*J : *» J:C)fKWSi©EW##6 ©E5*JiE 
5*M©E5*J#^ 1 O©12?0 ; a>6fcS8U: 0 iltRSn* 
m^^-l+t?*) <?> . -5 i^glflif G^lE^J&tHffi 75- -< 

31) [0018] 4^mnt*3:fc. E5*)»©E5t)S^l 3©E 



5 

jnj£I2?iJ3l©ieFiJ#-sf 1 4©I^J<fc©>S<fc£*o-t±-c$> 

a. 

[0019] ##&!BW:£/c. i55>ja!©EF!l#-^ 1 7 ©12 
814 E2W«©eJU*# 1 8 ©12?!l i ©tt*£*>1fC* 

[0 02 0] #$Mlitt*fc.. EfflJKDERHH} 1 9©@H 

a. 

[0 02 1 ] ^BjjJSfc. |2?iM©i5?«J#-^2 3 ©13 

n 1 i&mos&m^ 2 4 cmn t ©»#£*># -e* 
«^a„ 

[0 02 2] ^IfelBttS fi2-£SmtiK$£*l-&S& 

*f<tU l«4ili©DNA*»aiUr. DNASf^P 20 
CR?£tC<fc«J*tiHTailI. fc.fctKiglfifgSft/cDNA 
SUtfcfcWf *:DfI*£tf. 
[0 0 2 3] 

[^HgcDHife©^] 5 h3> K 'Jry/A«, gftft 

t?*0. ATP^lSgfSI, i/h^OAc^i/^'S: 
= F=J> F 'J T D N A_k&cn— K3nrt^-S„ AT 
P£-JtS»f?Stt, m-ofr<D?73.-y hJfc&Htfi&SftT 
±ifiOJ:5K:. R9!*&w:. ATP^fiSSSW:/ 
h 8jf£^- (a t P 8ite^) ftrt&S hn> 30 

K';ry^Atc#ffi-r-5>*s. ®& w*> 5 i-=j>nj 
<toT, ®»*K:a®iS*©DNA*s^fi«:??aE-r-SK: 

fc. 

[0 0 2 4 ] ffii)!g!J©a t p 8jt£T-li, t><o*^6n 
Tt,>a„ Mxtf. 5->©at p 8jBGrH35d £ 
Smil/. ^<035i©«l®lS«:*J^4a t p 8 
5>J*. ^£©tB|3Jt£#&*£&a£5KT^>b:fc 
4>©£, mitCmt. ®l«:*J^rii. 1 : 9->. 2 : 40 
TA-s<jj s 3 : *=J. 4 : 5 : ( 1 ) . 6 : 

(2) . 7 : ST. 8 : ti^io. 9 : v?*. 1 
0 : ll:77h, 12: cm. 1 3 : fc^ 

i\ 14 : 1 5 : -7 y a >y t> , fci^l 6 : 

t^i>i?70atp 8S{5^©&£^I5FiJ£^-r. ft 

fe\ s©$^En«. ^v©a t p s^itaeT-©^**?© 

[0 025] ^2«. 0->. -7 h V. fc.fcC/T' 
[0 0 2 6 ] 13 1 *J<hl^ia2(C^J:9{!:, alp8g 311. 
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WB«C«FSWttDNAK5>JS:«kai-4*ffiiUTtt, If 
1f>yn^h?S, PCR <#y^~ fefiSSSJStcO 

e>*i**«. aacDDNAasB-cfctftUj^pitttt 
5<{*?-&m^xifi\ jf$i^n/cDNAKK-^^yB-r 

a t p 8I£TO»JtC!)IW©lia«R:«a 

^^v-it ^n-en^2 0*#u*^ K©fi5r* 

n/cMi|8ODNABrK*^PCR0Cj:oTJiifIT5. #Cl> 
[0 02 9 ] ^-f^-tt, ffigOftZO^U** F 

[003 01 WiH ^7->0>^ haVF'jra 

6/ce6(7)ie^J (aniconS (E9U##1 ) *5j:C/anicon3 
(E?*J#-^2) ) S»W»4«FRWCc|ftffir*fe* 
CDgS^J (rumicon5 (S2^J#-^3 ) *s<fc O*rumicon3 <133?*J 

con5irumicon3<t4^5-Yv-i LTfflC^i, 

cow5 (ffi^J#-^ 5 ) . cow51 
^•6) . cow5^'<&t5rtJiW7) , cavSJ (W^J-sSrrS) , 



cow3 (12^J#-^10) £>£tH£co 
w3l(ffi5»J##l 1) SrflH**. PSx.tt, cow52icow3 
X COw52<h cow3. cav54<h cow3l, cow53<h cow3 v cow54<t 
cow3, fc<J:0'cow5licav30S^^-Y^-*tt3:. 

[0031] ttc s mi*5<k&m2ic7ri'?vaftx'm£ti 

[0 0 3 2 ] V'^A^-t L X isJR $ tltcvM.i£<D D N A 
HKCtt. D N A aS)^g^:il^^±t^ ^ U t 

[0 0 3 3 ] ffi£3ft£f^£ ITK, £f*L WlBXA 

■Su mmx&^m&sh* turn, a. ra# 

n> KyTDNA©atB«. W^tf, WTcDjr^^f 

5„ Omg-5 0 0mg<E>K?4 ^©iS 20 

■£5 Oig, fe«S»f*:K^(D»^ 1 0 0-5 0 Omg) 

h (Witt. *p*Kjiixjit«) *ffl^Tfta-ra. c<d 

J:0SB6S©5 hn>KyrDNA«r@iRTSfc 
<DT**K »4>$MSi, Ctl8£S8Xtt:4rK:<t5DNA(Dfi6 

&T£ASO^VADNA<DSA^m^ ha>F»jr 
D N A iaWKKCfflttir * 30 
[0 0 3 4] ^^-(DffiflBatt. 1#tC*OI83 tittle 

[0 0 3 5] IWBlUfcK««:oc»r . _hS3<DiifRl/ft: 

*hfc««ODNAK«-*«*1^4. PCRte, ffl«tf 

ttOfcft. Ste : 92'C, 1 # ; 'J >y : 40-65 

DNA^y — Hzi L/Tti, M^Ampl iTaqGOLD^ 

^-f^-SttiBCD*a»«:j£i;rSOttr43W. ^120 
— 1 8 0 b p-e&Dff&o c©PCRl»t ^ 
-c\ ±faDNA»fM-*^gir^^^T"e, r 

#n - * y jl/TOMb Srtf 5 o 

[0 0 3 6]mmebL/cy>h<DDNA»fmi. ^« 
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[0 03 7 ] C<D<fc5 0Cl/T. Kf4*tCSW<D»«5ffi* 
3fe(DDNA3W?Sl/rtintf. WI3tt/cDNA»rJt# 

■CDNAO??aE*1ftaiTSCi3&S"C**. ALU*. fi$J 

[0038] tcfc, £iTfcas^ajiiSfifl«:*c^rtt. 7' 

©WtC|ES33h.*C<!:S:SBILri»&l». f©^7Yv 
Jb®ffiffi2ffl®att*£*. >W ^y *V Xd«fefl=4K 

[0 03 9] 

&wm®i<D a t p 8 m&3-im<DT y a > ^ > h ics-^ 

Lfc. il!Rb/c^i|gODNAiS^J^, DNA 

[0040] (mmm 1 : *d n Amm^ 
a«rt«H) a^, +*\ ^ 

xt\ toi^rtf-yoi 5^©WHf**»6, U3> 

FyrDNA«rtlTOJ:5K:BJ»L//c. S^KS* 1 0 
fgMO^©?g (lOmM Tris-HG t pH 7.5. 20rrW EOTA, pH 

7.5) CCKJBU tr^XK5$ffirKfi$U/cft, THIgOM 
^ffl!35 h3>F'J7DNAiHJ+9 h (fD3fe«^Xlg 
«) 4Wr^DNA*»U0fc. 

[004 1 ] f n^D N A^iSi I, anicon 
5 (E5U»-^1 ) chanicon3 (1B^JS^2) ^n-e 
ti5' BJ*jJ:ff3' l7 7Y7-<bltffl^t, PCR 
&=i->tc a P C ROftfrttKT©I0'C*4 : SJCd^SS 
?S (IQiW Tris-HG , pH 8.3, 50nnM KC1, l.SnMMqC,, 
0.001%CW/\0^*>) ; 95*C-C9^^14L//cfa, ^ 
tt:92°C, 1^: T^-y>^: 50*C. 27>;i*S:72 
- C, 2»OSl£*4 5tf>(^;UigDiIU «fiCC72 , C. 

^tfl\ x^-^^^^n-^^ K^felTPCRS«3 (D 
NAKjt) ?r^ttiL/c 0 *Sm^S4CC^-ro S*<DM« 

[0 04 2]H4^W*>&J:^tC. aniconS <j®?!l 
vS-^1) ^J:^anicon3 Cfti#Jfft**2) $rV^-<-7-i 

irfnt>r.. ^n-eno^dti}j:-on\A^B§M<h^ ^ 



CG) 

9 

anicon5 (E£W# 1 ) fectO'aniconB 
2) ^^^^^iTSCitC^O, S4<D1MM3K 

«»i*w**oDNA<o*«:wamtc*ai 

-VHCtifiTjkStltc. Otcifir>X t anicon5 (ie^J# 
-Sf 1 ) £anicon3 (EJWfrSfZ) iCOfi^to^tt, « 

xhh 0 03oc, ttftWfttfcfflo^ufeo^^-f-^-iu 

[0 04 3] : S8WB!**DNAiB5»J(D» 

^l^i^il. rumiconS (BH?iJ#-^-3) <h rumicon3 

^-ibtffll^ PCR£?Tofc 0 PCR<Dlfefl=« 
HTOi0t*5 : 95 B CT9#i^ttU/ef5L 3!tt : 92 
•C, 1# ; T--y>^: 45*C, 2#;{#g:72*C> 2 
#CD£J6£, 4 5 If -<*;HS9iIU *gH£72 0 C, 5» 

x?y-)A^P7^f (DNA 20 

Kit) *^W0?c o *g**B5CC5*T. 

[0 0441 H5B, rumiccnS (S3ftJ*-Sy3 ) J^ru 
micon3 (1^J##4 ) ^fl 
**lCDttftS*ODNA*SSS<*:"rSPCRtCj:0. Jg 

SDNABfJt^*fefiR-rsc images!) 6 ti/c (2cEP<D^> 
FttSK) - — 3Ef> SaWft«:BI3tt^Wft<DDNA*>e> 
tt, PCRgft (DNARfr) «*HJ'C#Sc*ofc. f 

©DNAo^^swcctftttirarsci^sti/c. u 

/^■ot, rwiconS <Ey!J##3) £runicon3 (K?«# 

[0 04 5] ft*J, rumiconS (ie^J#^3 ) fCfcWS r 
*r&£„ mmiconS (KW»#3) 

«s«#«c^eT*s. 40 

[0 04 6] (SOS«3 : •SVft^DNAiEWJOWaW 

fll*DNABWUCD«FSIft^lll^K*fc. ».V>, tu>^ 
/ * fcj: LFr. h "J ^> s23?S t, fc D X A Z m 
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8&C^T, 
[0 04 7] 

tain 





7—— 




IS 


5' cow51 
3' cow3 




55t 2# 


O 


06 


5' cow 52 
3* cow 3 


ES1«^:7 


52t 2# 


O 


07 


5* cow53 
3* cow3 i 




52°C 2# 


O 


07 


5* cow54 
3' eow3 


9 


52 Q C 2# 


O 


37 


5' cow5 
3' cow31 




52°C 2# 


X 


[37 


5* cow5t 
3' cow31 




56t 2# 


X 


08 


5' cow52 
3" cow31 


E*U3^:7 
11 


52°C 25* 


0 


08 


5' cow53 
3' cow31 


E*)j«#:8 


56t 2# 


X 


08 


5* cow 54 
3' cow31 


E*W*:9 


«°C 2# 


0 


08 


5' cow5 
3' cow3 




4fi°C 2# 


X 





[0 048 ] ^6 CC^*r*SS«, cow51 (|B?iJS#6 ) 
fcJ:tfcow3 (IS9US#1 0) *V=7 4 v-Siltffili 
/cia^CC v ^^fiS^W'pfi^^^PCRl^ (DN 
Aifr) tl^D^S-S^DNABrK** 5 . t^^- 

^o/cLi^tc [17COcow52icow3<i:©ffl^^-t> 

»©far®{K-r a d n a mfrtfiikm 2 hrc^u^orc . 

—7?. B7«:7n-rJ:5K: % cows (B2?iJS^5 ) 

*JiCfcow31 dB9«»^l 1) ©^^^»*ffll>fc- 

n/c„ I5I«K:, B8m cow5l (iffiW*#6) fci^c 
ow3l(E5U»^l 1) <D^-fv-», ft6tf«lcow53 
(1B^JS#8 ) fc£tfcow3i (E3R»# 1 1 ) <D7'U 
^-*f*fflC»/c»&K:fc. ^->CDDNA^r»S<t L/Tf# 

[0 0 49 ] («|[«4 : ^*ft*DNAB3WD»«« 

^DNAi^J©«pR«rt*Bi*K*fc. t^^ 

teiCX-^ h y©rt3fi»6BWUfcDNA* 
i^iOt.. 7^-V>^Sg^a2<OSJgW:g!^/c 

%tBM 1 i fsl^tr PGR £1to/c 
[ 0 0 5 0 ] 
W21 
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m 


5' pig5 
3' pfr3 


e*m^:i2 


tf?C 2ft 


X 




5' pigSI 
3* pfe3 




58°C 2# 


O 


B9 


5' pt£3 
3' pi c 3t 




2ft 


X 


fcL 


5* prp5 

3' p«32 




45*C 1ft 


X 


£L 


5* Pig51 
3; P fe31 




55*0 1ft 


X 


fcL 


5 pig61 
3' pfc32 




55*C 2# 


X 





[ 0 0 5 1 3 piqSl (H25tJ## 13) i piq3 <E?lJ## 
14) ££y'?J^-Stf±Lxm^tct£m%:m9t,c9r; 

DNAK^t^HiL/c (^En©^> F{4g) o L 
/c^ot, CO^-f y^S*DNASS^JcD 

piq5 (EW»# 12) <hpiq3 (E?U## 14); piq5 
(S^J## 1 2 ) <bpiq31 (SBftJ#-5f 15); piq5 (E 

?J## 12) i P iq32 <EW## 16) ; piqsi (E5U# 
#13) £ Piq31 (E?U»# 15) : piq51 <I2?'J## 1 
3) <Lpiq32 <E5*J#-5f 1 6) ^"T 

[0 0 5 2] (mmrnb : t7^i*DNAE^§ 
WtftlB) sheep5 (EEI«# 1 7 ) £sheep3 (1^'J## 1 
8) ^nftlS' fiWfc<fcC^3 # «7 7^-iL 

t^^S*DNAE?flcD^KrtftHi«:K*A:. ^ 

[0 0 5 3 ] CCDjjg^ sheq35 (I0*J## 1 7 ) ishee 
p3 (E?JS^18) i^7>f7^tl/t»^Ci 
CC<tD. fc^^S*DNAE^J^S^Hi^Pltei^ 

[0 05 4] (SB««6 : +¥**DNAE^J<DW«W 
tfetB) qodL5 (firf#I«r^ 1 9 ) <hqoal3 <tid#J*#2 0 ) * 



1>T, +^^DNAi^JOl*R«rtfta*K*te. 9 

/c 0 *s**h 1 occ^-r. 

[0 05 5] C qoat5 (E5tl*# 19) i qoat3 
(WJ##2 0) i*^^v-»iLTffl^4C:iCC 
20 ±0. +^a*DNAE2W^SB9«W^tB<ttt-5C 

[0 0 5 6.] * fc, qoat5 (E50S# 1 9 ) t qoat31 

<E5a##2 1 ) t&y'^J-r-ZttL. T~-V># 
CD^fe«==& 54-C. 2^iL/c«, ±E£IrISK:PCR 
^fccC5, +^fi25RDNAE^J©1SaWtta«:tt 

[0 0 5 7] C0mm7 : h US*DNAE^JO«F 

30 yS*DNAE50CD«pSW«IUl*K^. 

A££IM£l/T, T^-y>^tD^S:a3fcEf8<D* 

chicks (E3*J##2 2) <tchick3 (E?'J##2 4) i^r 
^4^~»£LTm>fc»£®fS**iai lK^To 
[0 05 8] 
[*3] 









H 


6 chick5 
3* chlck3 


K3W%:21 


46^ 2ft 


0 


HI 


5' cWekSI 
3' chick3 


«?3»^:24 


5CTC 243- 


X 




5' chickS 
3' chick31 


£$9^:22 
E$m*£:25 


50°C 2^ 


X 




5' chlckSI 
3* ch!ck31 


S91S^:23 
RM^^:25 


e<fc 2ft 


X 


0:U 



[ 0 0 5 9 ] 0 1 1 frbWh&tj: <fc ^ (C. chicks (E^J 
##2 2) ichicIO (EM*#2 4> i^:^5^^-*t 
iOT^SCi«C<tt), -9h'J4*DNAE?iJOfif 

[0060] chickSi («#!UlW2 3 ) ^chick3 (tt^J 
&5?-24) % rhirks (EJ»J»^2 2) ichicWl (E?U 



3(1 



5 ) , fe<tCXchick51 (E5*J!ir#2 3 ) <hchick31 
(E?U»#2 5)<D. *n^ncD^-<v-»4ffl^fc 
-9 h y**DNAI^J©W»W«UI«:j«B«J 

[0 06 1 ] (^i^8 : E^^'I'OBf¥L8M24Fh*D 
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OOmgiO, JhiBHSS^I 1 iHSfc 1 0 fgMO^ffj^ 

s h=3> FyrDNAaai* y h («*«jixai«) * 
flai»r s hn> KyrDNA*ttHJuyt. c<ddna£ 

Milt, j|tt«ir«^/c«Wtt«**DNAE?(l 
*»«B«Clftffl'ri^-f^-» , C*Sanicon5 (iB^J 
S-Sf-1) <hanicon3 (EM*^2) <t£JSt,*T, JlifctfJ 10 

^SJfetDD N AE?rJ*:tfcfcBt?£ * C iflWi ufc. 
[0 0 6 2] (^SS#I9 : BB^«»*©SS*»a*D 

©DNAiBFyiWRWKtftffl-rSaimiconS (ie?'J#^ 
3) *Jcfc^njnricon3 (E?0S^4) (0^7^v-jtf3£ffl 
O-C, Ste^2 ilHl^O'^fr-CPCR ^To^ f4^€* 
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saw^^oDNAiS^Jitfta-rssci 

[0 06 3] (HJSWIl 0 : 12^WCD^^S*DN 

ff 11) ^JS^)3il5]«(D^frT'PCR€: 
tfo/c 0 18**131 4 KtRT. fit»^fef^0. 0 0 

ABW**Hi-C* * c iWffibt 
[0 06 4] 

©ttft**DNAEJtJ*Klffler«aj-r4C 
[0 06 5] 



SEQUENCE LISTING 

<LL0> National Institute of Aqrobioloqical Sciences 

<UL0> Independenl AdninisLrdlive InsLiLulion rerLili^er and Teyd InspecL 
ion bLdLion 

<12C> Primer sequences 
<L30> P101N0721S 
«0.6C-:> 25 

<2io> i 

<2JU> 20 
<212> DNA 

-•21 3> Arti fi r i a I Sequenc p. 
<400> 1 

aactaaacac qtcaacatqa 20 
<210> 2 

<m> 20 

<212> DNA 

<213> ArLi Tic ial Sequenc e 
<400> 2 

aqgrnnatna nrrttcqrtr. 20 
<2±0> 3 
<211> IS 
<212> DM\ 

<2_L3> Artificial Sequence 
<ACG> 3 

dcr leader l qaeLkdCd IS 

<210> 4 

<212> Dftt 

<2U> Artificial Sequence 

<4<X/> A 



(9) ^200 3 1 64 28 7 

15 15 
rrtqgrrrqt grrnraaqr 1.0 

<210> 5 
<211> 19 
<212> DW\ 

<2U> ArLi Tic ial Sequcnc c 
<4<X/> 5 

qlcaacdLqd cLqatddLq IS 

«21G> 6 

<2i2> cm 

<2±5> Artificial Sequence 
<AQO> 6 

aqacacqtca acatqactq ID 
<21G> ? 

<m> 21 

<232> W\ 

<ZW> Artificial Sequence 
<400> 7 

arqatcttat caatattctr q 21 
<210> 8 
<2J_L> 21 
<2J2> DM 

<213> ArLi fie ial Sequenc e 
<40Q> 8 

qacatqccqc aactaqacac q 21 
<210> 9 
«2U> 20 

<in> dna 

<2_L3> Artificial Sequence 
<4G0> 9 

ctcrcrtrqq Tqacntqcr.q 20 
<210> 10 
<21I> 22 
<212 > DM\ 

<2U> ArLi Tic ial Sequence 
<4GG» 10 

LllLaaLdLL LllqLLqqLq lL 22 

<fiO0> 11 
<m> 21 
<212> DM* 

<213> Artificial Sequence 
<A0O> 11 

tcaaoqqqtq ULLuLLLL a a 21 
<23JD> 12 
<23J> 18 
<212> DMA 

<21.i> Artificial Sequence 
<40G> 12 

atoartcatt acaattac uy 
^io> n 



CIO) 



17 

<211 > 20 
<2i2> DM* 

<213> Artificial Sequence 
<-100> 13 

Iqccacddd aqdldCdlcl 
*iM<>> 14 

<2n> is 

<212> DMA 

<2"M> Artifici.il Sequence 
<400> 14 

ttatttctca aqcwqtqc 
-210> 15 
<2UL> 21 
<212> m\ 

<Z13> ArLi fie ial Sequenc e 
<400> 15 

rgngrtcaar tqattctqqq c 

<-2io> is 
<m> 21 

.-21 2> DMA 

<213> Artificial Sequence 
<AGC> 15 

IqlllLlqdq Ulluaqltc a 
<521G> 17 
<2H> 21 
<212> DW\ 

<i!lJ> Artificial Sequence 

<4(X1> 17 

aattctatca atatttttaq t 
<210> IS 
<211> 20 
<212> DMA 

<213> Artificial Sequence 
<100> 18 

cUaaqqaqL allllqLllc 
<-2Mr> 19 
<2IL> 19 
<212> UNA 

«21.1> Artificial Sequence 
<400> 19 

qccacaacta qacacatcr 
<210> 20 
<2±1> IS 
<212> DMA 

<21J> ArLi Pic ial Sequenc e 
<400> 20 

tctcaaqqqq rgrratqc 
<210 > 21 
21 

<212> UNA 



#53 2 0 0 3 
IS 
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IS 



vi 



21 



21 



IS 



cm 
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<213> Arrificinl Sequence 
<4G0> 21 

ttctqqqttq tggtaqaaqt c 

<210> 22 
«i!H;» 18 
<i!V2> DMA 

'.'2U> ArLi fie ial Sequen <_ e 
<4GG> 22 

catrnTactc rtaartrq 
<210> 2 3 
<2±1> 21 
<212> DNA 

<213> Artitncial Sequence 
<ACC> 23 

txlaacllqa LLcaccLLcl c 

<210> 24 

<nv> is 

<212> DNA 

«i!1.1> Artificial Sequence 
<40G> 24 

tttagqttca tqqtcagq 

<2l0> 25. 
«21L> 21 

<213> Artificial Sequence 
<-100> 25 

qttcatqqtc aqqttcaqqq q 

[S3] ^^ft*DNAB^»»W«im«:tT5fc«>K: 
fflC^c^^-Y^-O, 5h3>K'J7atp8 SfiT-Jb 

mRmwrnmrnffitem-rz^^j^-M (an 

icon5fc«fctfanicon3> ^ffll^, SSB&^S^OD N A 

zmmt p c r ttr o fca©a«»»<o*s»**-r 
[05] sa«»waa«?o«:wr*^^^v-» < ru 

nfricon5fc<tO*rumicon3) &®S&#jfefe<DD N 

A £ T £ P C R fc»<0««»tt©te**^ 

[0 6] ^S^SRWE^JSWr-S^-fv-SPt (cow3fc 

j:o'ccw5i) ^m^x. &mm®)&&<DDN Atmrnt 
npcR *tf ofcaofltaacftott**:^^*^* 

So 



30 



40 
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IK 



21 



30 



[09] ^*fl*awEyB*wr&^7-jf^-» (pigsi 

fc<fctfpig3) *ffll»r, SSaSl^DNA^^i 

[010] fc^5>»Sfl«E?««:*T5^-f^-» <sh 
eep5fe<=fcO'sheep3) fcJ:c;tf#I^J^WT^7 7 
■Yv-fcf (qoat54dctC/goat3) £fflt>T, SSt&^S* 

ffil>T\ S@Sb%*3SCDDNA^^<h-r^PCR$:tf 

[012] ^^wwasws^ffliE^fflsstcAjw*. m 

*MIMmn75 4 K J: 4 D N AtfcfflOOfS**:^ 

[013] ■)2/«t»S*«BfflK^H»K:*W4 l JS 
JHHMWI»:/5 -f J: 4 D N A&tiKD&m*^ 
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:H3 3 



U <W>3 : *\ 



•1 



kTCaWATTCTTdfcCCCnWTATi 
wS2 ►] 



F — 



CM 4 3 



M 1 2 3 4 5 


6 7 8 9 10 11 12 13 14 15 M 


-a { 
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" ... .>. Tlr^ai 
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[012] 



Ml 234567 8- M 




1. 100%, 2, 10%, 3, 1%, 4, 0.1%, 5, 0.01% 
6, 0.001%, 7. 0.0001%, 8, M, 
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[013] 

^>4* ft #«S *feHB-&fl»3&> e, (7) 

DNASB5lJ(7)E!£ii 

M12345678M 




1, 100%, 2, 10%, 3, 1%, 4, 0.1%, 5, 0.01% 
6, 0.001%, 7, 0.0001%, 8, mmU, M, V— 
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[014 1 

O > A * « #»*#fciB*fi^&(D 

DNAia^jco^ai 

M12345678M 




1, 100%, 2, 10%, 3, 1%, 4, 0.1%, 5, 0.01% 
6, 0.001%, 7. 0.0001%, 8, M : MU, M, 



F 4K»X!4 A/UO KA07 CA()1 H/M9 

4B053 QM3 Cft-M QQ59 QR32 QR-10 
QR6J C£.!5 



r 



Partial Translation of Japanese Laid-Open Patent Publication No. 
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Title of the Invention: 
Primer Sequences 

Abstract: 

[Problems to be Solved] To provide a method for detecting an animal- 
derived DNA sequence specifically. 

[Means for Solving the Problems] The present invention provides a 
\ method for identifying animal species, said method comprises a step of 

amplifying a DNA fragment by PCR using a DNA in a sample as a 
template and animal-specific gene sequences as a primer pair, wherein 
the animal-specific gene sequences are derived from a ATP synthase 
subunit 8 gene of a mitochondrial genome; and a step of detecting the 
amplified DNA fragment. 

Claims: 

1. A method for identifying animal species comprising: a step of 

amplifying a DNA fragment by PCR using a DNA in a sample as a 
template and animal-specific gene sequences as a primer pair, wherein 



i 



the animal-specific gene sequences are derived from a ATP synthase 
subunit 8 gene of a mitochondrial genome; and a step of detecting the 
amplified DNA fragment. 

2. The method of claim 1, wherein the animal is a mammal. 

3. The method of claim 2, wherein the primer pair is a 
combination of the sequence of SEQ ID NO: 1 and the sequence of SEQ 
ID NO: 2. 

4. The method of claim 1, wherein the animal is a ruminant. 

5. The method of claim 4, wherein the primer pair is a 
combination of the sequence of SEQ ID NO: 3 and the sequence of SEQ 
ID NO: 4. 

6. The method of claim 1, wherein the animal is a cattle. 

7. The method of claim 6, wherein the primer pair is a 
combination selected from the group consisting of the following 
sequence combinations: SEQ ID NO: 7 and SEQ ID NO: 11; SEQ ID 
NO: 7 and SEQ ID NO: 10; SEQ ID NO: 9 and SEQ ID NO: 11; SEQ ID 
NO: 8 and SEQ ID NO: 10; SEQ ID NO: 9 and SEQ ID NO: 10; and 
SEQ ID NO: 6 and SEQ ID NO: 10. 

8. The method of claim 1, wherein the animal is a pig. 

9. The method of claim 8, wherein the primer pair is a 
combination of the sequence of SEQ ID NO: 13 and the sequence of 
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SEQ ID NO: 14. 

10. The method of claim 1, wherein the animal is a sheep. 

11. The method of claim 10, wherein the primer pair is a 
combination of the sequence of SEQ ID NO: 17 and the sequence of 
SEQ ID NO: 18. 

12. The method of claim 1, wherein the animal is a goat. 

13. The method of claim 12, wherein the primer pair is a 
combination of the sequence of SEQ ID NO: 19 and the sequence of 
SEQ ID NO: 20. 

14. The method of claim 1, wherein the animal is a chicken. 

15. The method of claim 14, wherein the primer pair is a 
combination of the sequence of SEQ ID NO: 23 and the sequence of 
SEQ ID NO: 24. 

16. The method of any one of claims 1 to 15, wherein the sample is 
selected from a group consisting of raw meat, processed meat food 
products, food products containing processed meat, blood, hair, body 
fluids, milk, milk processing products, meat and bonemeal, and feed 
containing meat and bonemeal. 

17. A primer pair for detection of a mammal-specific gene, the 
primer pair being a combination of the sequence of SEQ ID NO: 1 and 
the sequence of SEQ ID NO: 2. 
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18. A primer pair for detection of a ruminant-specific gene, the 
primer pair being a combination of the sequence of SEQ ID NO: 3 and 
the sequence of SEQ ID NO: 4. 

19. A primer pair for detection of a cattle-specific gene, the primer 
pair being a combination selected from the group consisting of the 
following sequence combinations: SEQ ID NO: 7 and SEQ ID NO: 11; 
SEQ ID NO: 7 and SEQ ID NO: 10; SEQ ID NO: 9 and SEQ ID NO: 11; 
SEQ ID NO: 8 and SEQ ID NO: 10; SEQ ID NO: 9 and SEQ ID NO: 10; 
and SEQ ID NO: 6 and SEQ ID NO: 10. 

20. A primer pair for detection of a pig-specific gene, the primer 
pair being a combination of the sequence of SEQ ID NO: 13 and the 
sequence of SEQ ID NO: 14. 

21. A primer pair for detection of a sheep-specific gene, the primer 
pair being a combination of the sequence of SEQ ID NO: 17 and the 
sequence of SEQ ID NO: 18. 

22. A primer pair for detection of a goat-specific gene, the primer 
pair being a combination of the sequence of SEQ ID NO: 19 and the 
sequence of SEQ ID NO: 20. 

23. A primer pair for detection of a chicken-specific gene, the 
primer pair being a combination of the sequence of SEQ ID NO: 23 and 
the sequence of SEQ ID NO: 24. 

24. A method for detecting animal-derived components present in 
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mixed feed comprising: a step of amplifying a DNA fragment by PCR 
using a DNA in a sample as a template and animal-specific gene 
sequences as a primer pair, wherein the animal-specific gene sequences 
are derived from a ATP synthase subunit 8 gene of a mitochondrial 
genome; and a step of detecting the amplified DNA fragment. 

Page 2, right column, line 37 to page 8, right column, line 17 

[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] The present invention relates to methods for 
identifying animal species and primer pairs sequence used therein. 
More specifically, the present invention relates to methods for 
identifying animal species that include a step of amplifying an animal- 
specific gene sequence derived from the ATP synthase subunit 8 gene 
of a mitochondrial genome, and primer pairs sequence used in this 
amplification step. 
[0002] 

[Prior Art] Currently, there is a problem that cattle is infected 

with bovine spongiform encephalopathy (BSE) by giving feed 
containing meat and bonemeal derived from cattle infected with BSE. 
It has been shown that BSE-like diseases may be present in various 
livestock as well. Accordingly, since the emergence of BSE, there has 
been a need to develop sensitive and effective method to identify feed 
contaminated bone and bonemeal by using high technologies, and this 
has become a particularly urgent matter for authorities. 
[0003] 

Immunological methods and gene identification methods using 
nuclear gene conventionally have been used as methods for identifying 
animal species. Examples of immunological methods include ELISA 
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and immunoblotting. PCR is an example of a gene identification 
method using nuclear gene. However, there are many problems with 
methods for identifying the animal species that are currently employed. 
For example, in meat and bonemeal that has been heat-treated, there 
is a high likelihood that nucleic acids have been fragmented. 
Furthermore, since majority of feed in which meat and bonemeal has 
been mixed is composed of plant-derived material, it is necessary to 
analyze trace amounts of animal-derived components. There is a dire 
need for the development of a detection method that is highly sensitive 
and effective and that can be executed with respect to such heat- 
treated samples. 
[0004] 

[Problems to be Solved by the Invention] Accordingly, a method other 
than immunological methods and gene identification methods 
employing nuclear gene that is for detecting and identifying the animal 
species of animal-derived components that are present in trace 
amounts is desirable. In particular, it is crucial to identify the type of 
animal meat and meat and bonemeal used in feed given to livestock 
and pets. Furthermore, it is desirable that the detection method is 
highly sensitive and differentiates species of animal gene present in 
trace amounts from among large quantities of plant gene or gene of 
other animal species. 
[0005] 

[Means for Solving the Problems] The inventors of the present 
application focused on the mitochondrial genome, which is inherited 
maternally and exists in a greater number of copies than nuclear 
genome, and investigated the use of mitochondrial gene as a target for 
identifying animal species. Their research indicated that the 
homologous sequence with ATP synthase subunit 8 gene (atp8 gene) 
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from animal mitochondrial genome is not present in plant (Oryza 
sativa) mitochondrial genome. Thus, the inventors found that the 
gene derived from the atp8 gene can serve as a material for specific 
detection of trace amounts of animal gene among plant-based feed, in 
other word, plant atp8 gene is very diverged from animal atp8 gene, 
and also that specific sequences of the animal mitochondrial atp8 gene 
can be used to identify the animal species, thereby arriving at the 
present invention. 

[0006] Therefore, the present invention provides a method for 
identifying animal species comprising: a step of amplifying a DNA 
fragment by PCR using a DNA in a sample as a template and animal- 
specific gene sequences as a primer pair, wherein the animal-specific 
gene sequences are derived from a ATP synthase subunit 8 gene of a 
mitochondrial genome; and a step of detecting the amplified DNA 
fragment. 

[00071 In a preferred embodiment, the animal is a mammal, and 
further preferably, the primer pair is a combination of the sequence of 
SEQ ID NO: 1 and the sequence of SEQ ID NO: 2. 

[0008] In a preferred embodiment, the animal is a ruminant, and 
further preferably, the primer pair is a combination of the sequence of 
SEQ ID NO: 3 and the sequence of SEQ ID NO: 4. 

[0009] In a preferred embodiment, the animal is a cattle, and further 
preferably, the primer pair is a combination selected from the group 
consisting of the following sequence combinations: SEQ ID NO: 7 and 
SEQ ID NO: 11; SEQ ID NO: 7 and SEQ ID NO: 10; SEQ ID NO: 9 and 
SEQ ID NO: 11; SEQ ID NO: 8 and SEQ ID NO: 10; SEQ ID NO: 9 and 
SEQ ID NO: 10; and SEQ ID NO: 6 and SEQ ID NO: 10. 
[0010] In a preferred embodiment, the animal is a pig, and further 
preferably, the primer pair is a combination of the sequence of SEQ ID 
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NO: 13 and the sequence of SEQ ID NO: 14. 

[0011] In a preferred embodiment, the animal is a sheep, and further 
preferably, the primer pair is a combination of the sequence of SEQ ID 
NO: 17 and the sequence of SEQ ID NO: 18. 

[0012] In a preferred embodiment, the animal is a goat, and further 
preferably, the primer pair is a combination of the sequence of SEQ ID 
NO: 19 and the sequence of SEQ ID NO: 20. 

[0013] In a preferred embodiment, the animal is a chicken, and 
further preferably, the primer pair is a combination of the sequence of 
SEQ ID NO: 23 and the sequence of SEQ ID NO: 24. 
[0014] In another embodiment, the sample is selected from a group 
consisting of raw meat, processed meat food products, food products 
containing processed meat, blood, hair, body fluids, milk, milk 
processing products, meat and bonemeal, and feed containing meat and 
bonemeal. 

[0015] The present invention also provides a primer pair for detection 
of a mammal-specific gene, the primer pair being a combination of the 
sequence of SEQ ID NO: 1 and the sequence of SEQ ID NO: 2. 
[0016] The present invention also provides a primer pair for detection 
of a raminant-specific gene, the primer pair being a combination of the 
sequence of SEQ ID NO: 3 and the sequence of SEQ ID NO: 4. 
[0017] The present invention also provides a primer pair for detection 
of a cattle-specific gene, the primer pair being a combination selected 
from the group consisting of the following sequence combinations: SEQ 
ID NO: 7 and SEQ ID NO: 11; SEQ ID NO: 7 and SEQ ID NO: 10; SEQ 
ID NO: 9 and SEQ ID NO: 11; SEQ ID NO: 8 and SEQ ID NO: 10; SEQ 
ID NO: 9 and SEQ ID NO: 10; and SEQ ID NO: 6 and SEQ ID NO: 10. 
[0018] The present invention also provides a primer pair for detection 
of a pig-specific gene, the primer pair being a combination of the 
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sequence of SEQ ID NO: 13 and the sequence of SEQ ID NO: 14. 
[0019] The present invention also provides a primer pair for detection 
of a sheep-specific gene, the primer pair being a combination of the 
sequence of SEQ ID NO: 17 and the sequence of SEQ ID NO: 18. 
[0020] The present invention also provides a primer pair for detection 
of a goat-specific gene, the primer pair being a combination of the 
sequence of SEQ ID NO: 19 and the sequence of SEQ ID NO: 20. 
[0021] The present invention also provides a primer pair for detection 
of a chicken-specific gene, the primer pair being a combination of the 
sequence of SEQ ID NO: 23 and the sequence of SEQ ID NO: 24. 
[0022] Further, the present invention provides a method for detecting 
animal-derived components present in mixed feed, said method 
comprises: a step of amplifying a DNA fragment by PCR using a DNA 
in a sample as a template and animal-specific gene sequences as a 
primer pair, wherein the animal-specific gene sequences are derived 
from a ATP synthase subunit 8 gene of a mitochondrial genome; and a 
step of detecting the amplified DNA fragment. 
[0023] 

[Modes for Carrying out the Invention] The mitochondrial genome 
is essential for the biosynthesis of the enzymes required for oxidative 
phosphorylation (electron transport system), and mitochondrial DNA 
codes for ATP synthase and cytochrome c oxidase, and the like. ATP 
synthase is composed of several subunits, and as discussed above, the 
inventors found that the ATP synthase subunit 8 gene (atp8 gene) is 
present in the animal mitochondrial genome but homologous sequence 
with animal atp8 gene is not present in the plant (Oryza sativa) 
mitochondrial genome. It thus became possible to identify animal 
species even when plant-derived DNA is present in large quantities in 
the feed. 
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[0024] Several animal atp8 genes are known. For example, taking 
the cattle atp8 DNA sequence (cattle) as a reference, the atp8 gene 
sequences of several animal species were aligned so that homology 
with the cattle sequence is achieved, and this is shown in Fig. 1. Fig. 
1 shows the gene sequence of the atp8 gene of 1: cattle, 2: alpaca, 3: cat, 
4: dog, 5: goat (1), 6: goat (2), 7: horse, 8: antelope, 9: mouse, 10: rabbit, 
11: rat, 12: donkey, 13: sheep, 14: deer, 15: sperm whale, and 16: 
razorback whale. It should be noted that the arrow in the diagram 
indicates the start position of the cattle atp8 reading frame. 
[0025] Fig. 2 shows the atp8 genes of cattle, chicken, and pig aligned 
with one another. 

[0026] As shown in Figs. 1 and 2, there is diversity of genes among 
the atp8 genes. This diversity can be used to detect specific sequences 
in various types of animals, thereby allowing various animal species to 
be identified. 

[0027] To identify various types of animals, examples of methods for 
detecting a DNA sequence specific to an animal species include 
Southern Blotting and PCR (polymerase chain reaction). PCR is 
preferably used in the present invention because it permits detection 
even with very small DNA samples and it allows accuracy to be 
improved. In the present invention, PCR is carried out using a pair of 
primers including a DNA sequence specific to a target animal species, 
and a DNA fragment that is amplified is detected. 

[0028] PCR is for example carried out as follows. First, two regions 
are selected as primers from any of regions of the atp8 gene and 
regions proximal thereto having a sequence specific to a target animal 
species, and the selected primers are synthesized. The primers are 
about 20 nucleotides in length respectively. Using this pair of primers, 
the DNA fragment of the region sandwiched between the two primers 
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is amplified by PCR. A sample containing the amplified DNA 
fragments is then subjected to electrophoresis to determine whether 
that DNA fragment is present. 

[00291 A primer is a DNA sequence of nucleotides in any length, and 
is suitably selected based on the sequence alignment of the atp8 genes 
of various types of animals in publicly available databases. For 
example, in order to detect a gene specific to mammals, a region having 
higher homology with mammals and low homology with non-mammals 
can be chosen. In order to detect a gene specific to a certain animal, a 
region having specificity to that animal and low specificity with other 
animals can be chosen. Since primers are used in pairs, two regions, 
that is, a region on the 5' side and a region on the 3' side, are selected. 
If more than two regions can be selected as primers, then it is possible 
to use various primer combinations. 

[0030] For example, Fig. 3 shows a sequence of cattle mitochondrial 
atp8 gene, and the markings in the diagram are the regions 
(sequences) that can be used as primers for detecting cattle-specific 
gene. Sequences for specifically detecting mammals (aniconS (SEQ ID 
NO: 1) and anicon3 (SEQ ID NO: 2)) and sequences for specifically 
detecting ruminants (rumiconS (SEQ ID NO: 3) and rumicon3 (SEQ ID 
NO: 4)) are also shown in Fig. 3. A more detailed explanation follows 
in the Examples. For example, mammal-specific gene sequence can be 
detected when aniconS is used as the 5' primer and anicon3 is used as 
the 3' primer. Likewise, ruminant-specific gene sequence can be 
detected when rumiconS and rumicon3 are used as primers. 
Alternatively, as the 5* primer, any one of cow5 (SEQ ID NO: 5), cowSl 
(SEQ ID NO: 6), cow52 (SEQ ID NO: 7), cow53 (SEQ ID NO: 8), and 
cow54 (SEQ ID NO: 9) is used, and as the 3' primer, either cow3 (SEQ 
ID NO: 10) or cow31 (SEQ ID NO: 11) is used. For example, the 
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primer pairs of cow52 and cow31, cow52 and cow3, cow54 and cow31, 
cow53 and cow3, cow54 and cow3, and cow51 and cow3 are capable of 
detecting cattle-specific gene sequences. 

[0031] The regions surrounded by squares in Figs. 1 and 2 indicate 
examples of sequences used in tests for specifically detecting genes 
derived from the respective animal species. 

[0032] The DNA sequences of the regions selected as primers are 
synthesized by normally employed methods. Generally, nucleotides 
are extended on a support medium using an automated DNA 
synthesizer, then removed from protecting group and cleaved from the 
support medium. Then, they can be purified using a normally 
employed method (such as column chromatography) to obtain primers 
of interest. 

[0033] Samples that can be measured include raw meat, processed 
meat food products, food products containing processed meat, blood, 
hair, body fluids, milk, milk processing products, meat and bonemeal, 
and feed containing meat and bonemeal. Extraction of mitochondrial 
DNA from these samples is, for example, performed as follows. 
Approximately 50 mg to 500 mg of a sample (for example, 50 mg in the 
case of raw meat, 100 mg to 500 mg in the case of a dried powder 
sample) is suspended in about 10 times that amount of buffered 
solution, ground using a bead grinding method, for example, and then 
extracted using a commercially available tissue cell mitochondrial 
DNA extraction kit (manufactured by Wako Pure Chemical Industries, 
Ltd., for example). Such kits allow purer mitochondrial DNA to be 
collected in that little genome DNA in the tissue cells is contaminated. 
For example, to the sample ground is added a reagent in the kit, and 
centrifuged, and the pellets are collected. It is thus possible to more 
efficiently extract mitochondrial DNA with little contamination of 
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genome DNA, which is present in large quantities in the sample. 
[0034] There are no particular limitations regarding the amount of 
primer used, but generally is it preferable that approximately 0.4 pM is 
used. 

[0035] PCR is performed on the pretreated sample using the primer 
pair selected above, so as to amplify the DNA fragment of the region 
sandwiched between the primers. PCR is executed under conditions 
in which it is ordinarily performed, and conditions that are appropriate 
for each primer pair are set. For example, DNA fragment is, firstly, 
heat denatured at 95°C for 9 minutes; then subjected to the cycle of 
reactions of denaturing at 92°C for one minute, annealing at 40 to 65°C 
for two minutes, and extending at 72°C for two minutes, which is 
repeated 30 to 60 cycles; and finally, allowed to react at 72°C for five 
minutes to finish PCR. AmpliTaq GOLD polymerase is ordinarily 
used as the DNA polymerase. The size of the PCR product (DNA 
fragment) amplified by the primer pair can be approximately 120 bp to 
approximately 180 bp, although this varies depending on the number 
of bases between the primer pair that has been selected. The PCR 
product is then subjected to agarose gel electrophoresis, for example, 
under conditions in which the above DNA fragments can be separated. 
[0036] The DNA fragments on the gel subjected to electrophoresis can 
be detected by detection means normally employed by those skilled in 
the art, such as ethidium bromide staining, fluorescence detection, and 
Southern hybridization. 

[0037] Thus, if DNA derived from a species of interest is present in 
the sample, then, amplified DNA fragments can be detected on the gel. 
Limits to detection may vary depending on various factors, such as the 
type and combination of the primer pair used, the amount of sample, 
the PCR conditions, and the detection method. If appropriate 
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conditions are selected, then the presence of DNA can be detected with 
high sensitivity even in trace samples. For example, if appropriate 
conditions are selected when the sample is a mixed feed that contains 
cattle-derived meat and bonemeal, then contamination of only 0.001 
wt% cattle meat and bonemeal in the feed can be detected using a 
specific cattle-specific primer pair. 

[0038] It should be noted that the primer sequence has been specified 
in the Examples discussed below, but there is no intention to limit the 
present invention to the following Examples. It is intended that the 
present invention includes in its scope sequences that include those 
primer sequences, or those sequences with one or more base sequence 
substitutions, and sequences which by changing the hybridizing 
conditions can hybridize with a DNA of interest and allow a DNA 
derived from a specific animal species to be detected specifically. 
[0039] 

[Examples] (Primer Synthesis) Primer regions to be used in 

the following Examples and comparative Examples were selected based 
on the sequence alignment of the atp8 gene of various animals shown 
in Figs. 1 and 2. The DNA sequences of the selected regions were 
synthesized using an automated DNA synthesizer. 

[0040] (Example 1: Specific Detection of Mammal-Derived DNA 
Sequence) Mitochondrial DNAs from 15 types of meat samples, 

these being beef cattle, dairy cattle, sheep, goat, pig, horse, rabbit, 
whale, chicken, codfish, salmon, sardine, crab, prawn, and clam, were 
prepared as follows. Each meat sample was suspended in ten times 
that amount of buffered solution (10 mM Tris-HCl, pH 7.5, 20 mM 
EDTA, pH 7.5), ground using a bead grinding method, and then DNA 
was extracted. 

[0041] With each of these DNA samples serving as a template, PGR 
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was performed using aniconS (SEQ ID NO: 1) and anicon3 (SEQ ID 
NO: 2) as the 5' primer and the 3' primer, respectively. The PCR 
conditions were as follows: reaction buffer solution (10 mM Tris-HCl, 
pH 8.3, 50 mM KC1, 1.5 mM MgCl 2 , 0.001% (w/v) gelatin); heat 
denaturing at 95°C for 9 minutes, followed by the cycle of reactions of 
denaturing at 92°C for one minute, annealing at 55°C for two minutes, 
and extending at 72°C for two minutes repeated 45 cycles, and lastly, 
the product was allowed to react at 72°C for five minutes. After the 
reaction, the reaction mixture was subjected to agarose gel 
electrophoresis, and the PCR product (DNA fragments) was detected 
by ethidium bromide staining. The results are shown in Fig. 4. In 
the diagram, M is the molecular weight marker. 

[0042] As is clear from Fig. 4, by performing PCR using anicon5 (SEQ 
ID NO: 1) and anicon3 (SEQ ID NO: 2) as primers with each animal- 
derived DNA serving as a template, the amplified DNA fragments were 
observed only in mammals (band position indicated by the arrow). 
That is, it was demonstrated that by using anicon5 (SEQ ID NO: 1) 
and anicon3 (SEQ ID NO: 2) as the primer pair, it is possible to 
specifically detect only mammal-derived DNA from among various 
types of animal meat samples. Consequently, the combination of 
aniconS (SEQ ID NO: 1) and anicon3 (SEQ ID NO: 2) is a primer pair 
that specifically detects the sequence derived from animal species of 
mammalian origin. The regions that can be used as primers for 
detecting sequences derived from mammals are shown in Fig. 3. 
[0043] (Example 2: Specific Detection of Ruminant-Derived DNA 
Sequence) With the 15 types of DNA samples prepared in the 

same manner as in Example 1 serving as templates, PCR was 
performed using rumicon5 (SEQ ID NO: 3) and rumicon3 (SEQ ID NO: 
4) as the 5* primer and the 3' primer, respectively. The PCR 
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conditions were as follows: heat denaturing at 95°C for 9 minutes, 
followed by the cycle of reactions of denaturing at 92°C for one minute, 
annealing at 45°C for two minutes, and extending at 72°C for two 
minutes repeated 45 cycles, and lastly, the product was allowed to 
react at 72°C for five minutes. After the reaction, the reaction 
mixture was subjected to agarose gel electrophoresis, and the PCR 
product (DNA fragments) was detected by ethidium bromide staining. 
The results are shown in Fig. 5. 

[0044] As shown in Fig. 5, by performing PCR using rumiconS (SEQ 
ID NO: 3) and rumicon3 (SEQ ID NO: 4) as primers with each animal- 
derived DNA serving as a template, DNA fragments derived from beef 
cattle, dairy cattle, sheep, and goat, which are ruminants, were 
observed (band position indicated by the arrow). On the other hand, 
PCR products (DNA fragments) could not be detected in the DNA 
samples of animals that were not ruminants. That is, it was 
demonstrated that by using rumicon5 (SEQ ID NO: 3) and rumicon3 
(SEQ ID NO: 4) as the primer pair, it is possible to specifically detect 
only ruminant-derived DNA from various types of animal meat 
samples. Consequently, the combination of rumicon5 (SEQ ID NO: 3) 
and rumicon3 (SEQ ID NO: 4) is a primer pair that specifically detects 
the sequence derived from animal species of ruminant origin. The 
regions that can be used as the primers for detecting sequences derived 
from ruminants are shown in Fig. 3. 

[0045] It should be noted that in rumiconS (SEQ ID NO: 3), V is "g" 
or "a", and "k" is "g" or "t". That is, rumiconS (SEQ ID NO: 3) is a 
primer mixture, but it should be apparent to those skilled in the art 
that each can be used independently. 

[0046] (Example 3: Specific Detection of Cattle-Derived DNA 
Sequence) Specific detection of a cattle-derived DNA sequence 
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was performed using the various primer pairs listed in Table 1. PCR 
was performed under the same conditions as those of Example 1, 
except that DNAs prepared from cattle, sheep, goat, pig, and chicken 
meat were served as templates. The results are shown in Figs. 6 to 8. 
[0047] 



[Table 1] 



Primer 


Anealing 


Result 


Figure 


5' cow51 
o cowo 


SEQ ID NO: 6 
SEQ ID NO: 10 


55°C 2min 


O 


Fig. 6 


5' cow52 
3' cow3 


SEQ ID NO: 7 
SEQ ID NO: 10 


52°C 2min 


O 


Fig. 7 


5' cow53 
3' cow3 


SEQ ID NO: 8 
SEQ ID NO: 10 


52°C 2min 


O 


Fig. 7 


5' cow54 
3' cow3 


SEQ ID NO: 9 
SEQ ID NO: 10 


52°C 2min 


o 


Fig. 7 


5' cow5 
3' cow31 


SEQ ID NO: 5 
SEQ ID NO: 11 


52°C 2min 


X 


Fig- 7 


5' cow51 
3' cow31 


SEQ ID NO: 6 
SEQ ID NO: 11 


56°C 2min 


X 


Fig. 8 


5' cow52 
3' cow31 


SEQ ID NO: 7 
SEQ ID NO: 11 


52°C 2min 


o 


Fig. 8 


5' cow53 
3' cow31 


SEQ ID NO: 8 
SEQ ID NO: 11 


56°C 2min 


X 


Fig. 8 


5' cow54 
3* cow31 


SEQ ID NO: 9 
SEQ ID NO: 1 1 


56°C 2min 


o 


Fig. 8 


5' cow5 
3' cow3 


SEQ ID NO: 5 
SEQ ID NO: 10 


46°C 2min 


X 


not shown 



[0048] The results shown in Fig. 6 indicate that if cow51 (SEQ ID 
NO: 6) and cow3 (SEQ ID NO: 10) are used as the primer pair, then 
DNA fragments the same size as the PCR product (DNA fragments) 
obtained from cattle -derived meat did not find when sheep, goat, pig, or 
chicken DNA served as templates. It is clear that the combination of 
cow52 and cow3 of Fig. 7 and the combination of cow52 and cow31 of 
Fig. 8 are particularly suitable primer pairs for cattle-specific DNA 
detection, because similar DNA fragments were not detected in the 
samples of other animal species. On the other hand, as shown in Fig. 
7, when cow5 (SEQ ID NO: 5) and cow31 (SEQ ID NO: 11) are used as 
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the primer pair, a band of the same size as the DNA fragment obtained 
using a cattle DNA as a template was slightly found in sheep. 
Likewise, in Fig. 8, when the primer pair cow51 (SEQ ID NO: 6) and 
cow31 (SEQ ID NO: 11), and the primer pair cow53 (SEQ ID NO: 8) 
and cow31 (SEQ ID NO: 11) are used, a band the same size as the DNA 
fragment obtained using cattle DNA as a template was observed. 
Therefore, these primer pairs are not suitable for the specific detection 
of cattle-derived fragments . 

[0049] (Example 4: Specific Detection of Pig-Derived DNA Sequence) 
Specific detection of a pig-derived DNA sequence was performed using 
the various primer pairs listed in Table 2. PCR was performed under 
the same conditions as those of Example 1, except that DNAs prepared 
from cattle, sheep, goat, pig, and chicken meat were served as 
templates. 
[0050] 



[Table 2] 


Primer 


Anealing 


Result 


Figure 


5' pig5 
3' pig3 


SEQ ID NO: 12 
SEQ ID NO: 14 


46°C 2min 


X 


not shown 


5' pig51 
3* pig3 


SEQ ID NO: 13 
SEQ ID NO: 14 


58°C 2min 


O 


Fig. 9 


5' pig5 
3* pig31 


SEQ ID NO: 12 
SEQ ID NO: 15 


46°C 2min 


X 


not shown 


5' pig5 
3' pig32 


SEQ ID NO: 12 
SEQ ID NO: 16 


46°C 2min 


X 


not shown 


5' pig51 
3* pig31 


SEQ ID NO: 13 
SEQ ID NO: 15 


55°C 2min 


X 


not shown 


5' pig51 
3' pig32 


SEQ ID NO: 13 
SEQ ID NO: 16 


55°C 2min 


X 


not shown 



[0051] Fig. 9 shows the results obtained by using pig51 (SEQ ID NO: 
13) and pig3 (SEQ ID NO: 14) as the primer pair. As is clear from Fig. 
9, DNA fragment was detected only in the sample derived from pig 
meat (band position indicated by the arrow). Consequently, this 
primer pair is useful for specifically detecting pig-derived DNA 
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sequences. It should be noted that, although not shown, none of the 
combinations of pig5 (SEQ ID NO: 12) and pig3 (SEQ ID NO: 14), pig5 
(SEQ ID NO: 12) and pig31 (SEQ ID NO: 15), pig5 (SEQ ID NO: 12) 
and pig32 (SEQ ID NO: 16), pig51 (SEQ ID NO: 13) and pig31 (SEQ ID 
NO: 15), and pig51 (SEQ ID NO: 13) and pig32 (SEQ ID NO: 16) were 
suitable for specific detection. 

[0052] (Example 5: Specific Detection of Sheep-Derived DNA 
Sequence) Specific detection of a sheep-derived DNA sequence 

was performed using sheep5 (SEQ ID NO: 17) and sheep3 (SEQ ID NO: 
18) as the 5' primer and the 3' primer, respectively. PCR was 
performed under the same conditions as those of Example 1, except 
that DNAs prepared from cattle, sheep, goat, pig, and chicken meat 
were served as templates and that the annealing conditions were set to 
two minutes at 46°C. The results are shown in Fig. 10. 
[0053] These results demonstrate that specific detection of a sheep- 
derived DNA sequence is possible using sheepS (SEQ ID NO: 17) and 
sheep3 (SEQ ID NO: 18) as the primer pair. 

[0054] (Example 6: Specific Detection of Goat-Derived DNA 
Sequence) Specific detection of a goat-derived DNA sequence 

was performed using goat5 (SEQ ID NO: 19) and goat3 (SEQ ID NO: 
20) as the 5' primer and the 3' primer, respectively. PCR was 
performed under the same conditions as those of Example 1, except 
that DNAs prepared from cattle, sheep, goat, pig, and chicken meat 
were served as templates and that the annealing conditions were set to 
two minutes at 46°C. The results are shown in Fig. 10. 
[0055] These results demonstrate that specific detection of a goat- 
derived DNA sequence is possible using goat5 (SEQ ID NO: 19) and 
goat3 (SEQ ID NO: 20) as the primer pair. 

[0056] Also, PCR was performed in the same manner as described 
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above except that goatS (SEQ ID NO: 19) and goat31 (SEQ ID NO: 21) 
were used as the primer pair and the annealing conditions were set to 
two minutes at 54° C, however, this was not suitable for the specific 
detection of goat-derived DNA sequences (not shown). 
[0057] (Example 7: Specific Detection of Chicken-Derived DNA 
Sequence) Specific detection of a chicken-derived DNA sequence 

was performed using the various primer pairs listed in Table 3 as the 5' 
and the 3' primers. PCR was performed under the same conditions as 
those of Example 1, except that DNAs prepared from cattle, sheep, goat, 
pig, and chicken meat were served as templates. The results obtained 
by using chick5 (SEQ ID NO: 22) and chick3 (SEQ ID NO: 24) as the 
primers are shown in Fig. 11. 
[0058] 



[Table 3] 


Primer 


Anealing 


Result 


Figure 


5' chick5 
3' chick3 


SEQ ID NO: 22 
SEQ ID NO: 24 


46°C 2min 


O 


Fig. 1 


5' chick51 
3' chick3 


SEQ ID NO: 23 
SEQ ID NO: 24 


50°C 2min 


X 


not shown 


5* chick5 
3' chick31 


SEQ ID NO: 22 
SEQ ID NO: 25 


50°C 2min 


X 


not shown 


5' chick51 
3' chick31 


SEQ ID NO: 23 
SEQ ID NO: 25 


60°C 2min 


X 


not shown 



[0059] As shown in Fig. 11, specific detection of a chicken-derived 
DNA sequence is possible using chick5 (SEQ ID NO: 22) and chick3 
(SEQ ID NO: 24) as the primer pair (band position indicated by the 
arrow). 

[0060] When chick51 (SEQ ID NO: 23) and chick3 (SEQ ID NO: 24), 
chick5 (SEQ ID NO: 22) and chick31 (SEQ ID NO: 25), and chick51 
(SEQ ID NO: 23) and chick31 (SEQ ID NO: 25) were used as the 
primer pairs, the results were not suitable for the specific detection of 
chicken-derived DNA sequences (not shown). 
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[0061] (Example 11: Detection of Mammal-Derived Component in 
Mixed Feed) Meat and bonemeal derived from cattle (Australian 
bred) was mixed into mixed feed for livestock (main components: corn, 
milo, gluten feed, bran, rice bran, soy oil cake, rapeseed oil cake) at a 
predetermined ratio. Then, as in Example 1, 100 mg of the feed 
obtained was suspended in ten times that amount of buffer solution, 
and ground by a bead grinding method. Then, mitochondrial DNA 
was extracted using a commercially available tissue cell mitochondrial 
DNA extraction kit (manufactured by Wako Pure Chemical Industries, 
Ltd., Japan). Using this DNA as a template, PCR was performed 
under the same conditions as in Example 1 using aniconS (SEQ ID NO: 
1) and anicon3 (SEQ ID NO: 2), which are the primer pair for 
specifically detecting mammalian-derived DNA sequences used in 
Example 1. The results are shown in Fig. 12. Detection of mammal- 
derived DNA sequence was possible even in a case where the feed 
contained 0.01 wt% meat and bonemeal. 

[0062] (Example 9: Detection of Ruminant-Derived Component in 
Mixed Feed) PCR was performed under the same conditions as in 
Example 2, except that DNA extracted from mixed feed in the same 
manner as in Example 8 was served as a template and that the primer 
pair rumiconS (SEQ ID NO: 3) and rumicon3 (SEQ ID NO: 4) for 
specifically detecting ruminant-derived DNA sequences that is used in 
Example 2 was used. The results are shown in Fig. 13. Detection of 
ruminant-derived DNA sequence was possible even in a case where the 
feed contained 0.1 to 1 wt% meat and bonemeal. 

[0063] (Example 10: Detection of Cattle-Derived Component in Mixed 
Feed) PCR was performed under the same conditions as in Example 
3, except that DNA extracted from mixed feed in the same manner as 
in Example 8 was served as a template and that the cattlederived 
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DNA-specific primer pair of cow52 (SEQ ID NO: 7) and cow31 (SEQ ID 
NO: 11) that was used in Example 3 was used. The results are shown 
in Fig. 14. Detection of cattle-derived DNA sequence was possible 
even in a case where meat and bonemeal was only contained in the 
feed at a mere 0.001 wt%. 
[0064] 

[Effect of the Invention] Using the method of the present invention, it 
is possible to detect, with high sensitivity, trace amounts of animal- 
derived DNA in a sample. It is thus applicable to identify the animal 
species of trace amounts of meat and bonemeal mixed into feed. More 
particularly, detection is possible even if trace amounts of cattle- 
derived meat and bonemeal are mixed into mixed feed for livestock. 

Page 11, left column, line 28 to page 12, left column, line 1 
[Brief Description of the Drawings] 

Fig. 1 is a diagram showing a sequence alignment of 
mitochondrial atp8 genes derived from various types of animals. 

Fig. 2 is a diagram showing a sequence alignment of chicken, 
cattle, and pig mitochondrial atp8 genes. 

Fig. 3 is a diagram showing the positional relationship on the 
mitochondrial atp8 gene of the primers used to specifically detect 
cattle-derived DNA sequences. 

Fig. 4 is a photograph showing the results of electrophoresis 
after performing PCR using a primer pair (aniconS and anicon3) 
having mammal-specific sequences and with DNAs derived from 
various types of animals serving as templates. 

Fig. 5 is a photograph showing the results of electrophoresis 
after performing PCR using a primer pair (rumiconS and rumicon3) 
having ruminant-specific sequences and with DNAs derived from 
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various types of animals serving as templates. 

Fig. 6 is a photograph showing the results of electrophoresis 
after performing PCR using a primer pair (cow3 and cow51) having 
cattle-specific sequences and with DNAs derived from various types of 
animals serving as templates. 

Fig. 7 is a photograph showing the results of electrophoresis 
after performing PCR using various primer pairs having cattle-specific 
sequences and with DNAs derived from various types of animals 
serving as templates. 

Fig. 8 is a photograph showing the results of electrophoresis 
after performing PCR using various primer pairs having cattle-specific 
sequences and with DNAs derived from various types of animals 
serving as templates. 

Fig. 9 is a photograph showing the results of electrophoresis 
after performing PCR using a primer pair (pig51 and pig3) having pig- 
specific sequences and with DNAs derived from various types of 
animals serving as templates. 

Fig. 10 is a photograph showing the results of electrophoresis 
after performing PCR using a primer pair (sheep5 and sheep3) having 
sheep-specific sequences and a primer pair (goat5 and goat3) having 
goat-specific sequences, and with DNAs derived from various types of 
animals serving as templates. 

Fig. 11 is a photograph showing the results of electrophoresis 
after performing PCR using a primer pair having chicken-specific 
sequences and with DNAs derived from various types of animals 
serving as templates. 

Fig. 12 is an electrophoresis photograph showing the results of 
the detection of DNA, using mammal-specific primer pairs, using 
various primer pairs, in mixed feed for livestock that contains cattle 
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meat and bonemeal. 

Fig. 13 is an electrophoresis photograph showing the results of 
the detection of DNA, using ruminant-specific primer pairs, in mixed 
feed for livestock that includes cattle meat and bonemeal. 

Fig. 14 is an electrophoresis photograph showing the results of 
the detection of DNA, using cattle-specific primer pairs, in mixed feed 
for livestock that contains cattle meat and bonemeal. 
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